The benefits of prophylactic coronary revascularization for patients undergoing noncardiac surgery are uncertain. The purpose of this study was to systematically evaluate the effect of coronary revascularization and medical management on short-and long-term outcomes after noncardiac surgery.
P ATIENTS with coronary artery disease (CAD) presenting for noncardiac surgery are at increased risk for perioperative cardiovascular events. 1 These adverse events, including perioperative cardiac death and myocardial infarction, impact greatly on patients' quality of life and cost to the health-care system. 2 Over the last two decades, much effort was spent on preoperative cardiac risk assessment and stratification. 1, [3] [4] [5] More recently, the paradigm is shifting to therapies, either interventional or medical, to minimize perioperative cardiac events. [6] [7] [8] Coronary revascularization procedures, including coronary artery bypass graft surgery (CABG), percutaneous transluminal coronary angiography, and coronary artery stenting (stent), have been shown to improve survival and quality of life in selected population of patients with CAD. [9] [10] [11] [12] However, the efficacy of prophylactic coronary revascularization prior to surgery in reducing perioperative risk is less well studied. Although coronary revascularization is currently part of the American College of Cardiology/American Heart Association (ACC/AHA) guideline for perioperative cardiovascular evaluation for noncardiac surgery algorithms, it is derived primarily from expert opinions and not based on strong evidence. 13, 14 Over the last decade, medical therapy such as beta-blockers, alpha-2 adrenergic agonists, calcium channel blockers, statin therapy and antiplatelet therapy have also been associated with reduced perioperative mortality, myocardial infarction or cardiac adverse events. [15] [16] [17] [18] [19] [20] [21] The purpose of this study was to undertake a systematic review and meta-analysis comparing the effect of coronary revascularization and medical therapy on perioperative mortality and myocardial infarction, long-term mortality and late adverse cardiac events after noncardiac surgery.
Methods
With the assistance of an experienced reference librarian, a literature search was undertaken in February 2006 to identify all manuscripts regarding the shortand long-term effect of myocardial revascularization vs medical management as pre-surgical management strategy. Ten electronic bibliographic databases were searched including MEDLINE , Embase (1980 Embase ( -2006 and Cochrane database of controlled trials.
Because only one randomized controlled clinical trial was available in the literature on our review topic, 22 retrospective studies were also included in this review if they met the following criteria: enrolled adult patients with CAD who were undergoing noncardiac surgery; assessed and reported at least one patients' outcomes of concern (perioperative mortality and myocardial infarction, long-term mortality and late adverse cardiac events) following management with coronary revascularization or medical management before noncardiac surgery. Studies were excluded if they were published prior to 1980 due to significant advances in management of CAD disease since that time, 23 or if they were only comparing amongst coronary interventions or medical therapeutic agents.
No restriction was applied to the language of publication. One investigator (E.W.) reviewed the title and abstracts of the studies to identify eligible manuscripts. The bibliographies of eligible articles were scanned and hand searched to identify additional articles. The search strategy and database are presented in Appendix A.
Data collection, quality assessment and analysis
All eligible studies were reviewed. The following data were extracted: study design, type of surgery, patient and disease characteristics, preoperative management strategy; and patient outcome measures (pre-and post-noncardiac surgery mortality, postoperative myocardial infarction, long-term mortality, and late adverse cardiac events). Mortality included death due to all causes. The quality of each study was assessed using appraisal tools developed by the Critical Appraisal Skill Program (CASP) (Appendix B) 24 and rated in accordance with the Canadian Task Force on Preventive Health Care's guidelines for grading quality of published evidence (Appendix C). 25 Grading of recommendations was based upon the grading system established by the Canadian Task Force (CTF) for Specific Clinical Preventive Actions (Appendix D).
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Statistical analysis
Effects of the two risk reduction strategies, namely prophylactic coronary revascularization and medical management, were analyzed using the odds ratio (OR) the primary outcome measure. Statistical analyses were performed using RevMan 4.2.10 (Cochrane Collaboration, Oxford, UK). The DerSimonian and Laird random effects model was used to calculate the pooled OR [95% confidence interval (CI)]. A sensitivity analysis was then conducted by comparing this pooled OR value with that calculated without the randomized controlled clinical trial. For each outcome measure, between-study heterogeneity was evaluated with the χ 2 -based Q statistic and considered significant at P < 0.10. 26 We hypothesized, a priori, that factors such as study quality, length of time between preoperative coronary revascularization intervention and noncardiac surgery, and duration of follow-up could explain the differences in outcomes. Subgroup analyses were conducted to examine whether the outcome results were different in studies in which coronary revascularizations were performed after patient enrolment vs those in which coronary revascularizations were performed prior to patient enrolment, and in studies which enrolled patients after 1980 vs studies that enrolled patients before 1980. 
Results
Of the 1,608 articles identified, 1,591 articles were rejected at the title and abstract stage; 17 articles were reviewed in detail. After full article readings, seven manuscripts comprising 3,949 patients were included. 22, [27] [28] [29] [30] [31] [32] Ten articles were rejected due to various reasons: lack of comparison with medical management, 33 ,34 lack of subsequent noncardiac surgery, [35] [36] [37] [38] [39] [40] [41] and outcome report inconsistent with our review criteria 42, 43 ( Figure 1 ). Data were extracted from these seven trials published between 1997 and 2005, one randomized controlled trial, 22 and six retrospective studies. [27] [28] [29] [30] [31] [32] Patients from most studies were scheduled for elective major vascular surgery; only one study involved high-risk noncardiac surgery. 27 Duration of long-term follow-up ranged from 31 months to 56 months. The mean age of participants ranged from 60 to 70 yr. Two studies reported short-and long-term outcomes on the same group of patients respectively.
28,29 There were substantial variations in incidence of diabetes, prior myocardial infarction and severity of CAD among the studies (Table I) 
Quality assessment
Except McFalls et al., which is a randomized controlled clinical trial (CARP trial), 22 the six retrospective studies had inherited flaws in their study design resulting in fair to low CASP scores 24 (Table I) .
Pre-noncardiac surgery mortality, postoperative mortality and postoperative myocardial infarction
The number (%) of events for the three perioperative outcomes are shown for the seven studies (Table II) . The pooled random effect OR, 95% CI and P-values for heterogeneity measure for the seven studies, and for the six studies excluding the CARP trial, are also shown. Except for the pre-noncardiac surgery mortality, pooled data from all studies resulted in similar random effect OR and 95% CI as those from the analyses performed without the CARP trial 22 (Table II) . Four studies 22, [30] [31] [32] reported death occurring after patient allocation before noncardiac surgery; 11 preoperative deaths occurred among 440 patients receiving prophylactic coronary revascularization, while two TABLE II Number of patients and incidence of events of perioperative outcomes for coronar y revascularization vs medical management groups. The pooled random effect odds ratios, 95% confidence interval and P-values for heterogeneity measure for the three outcomes are provided. 14) (95% CI) excluding P (heterogeneity) = NA P (heterogeneity) = 0.18 P (heterogeneity) = 0.006 CARP trial CR = coronary revascularization, MM = medical management, NCS = noncardiac surgery; MI = myocardial infarction; ND = no data available. NA = not available; RE = random effects. CI = confidence interval. †CARP trial, the only randomized control trial available. The other six studies are retrospective studies. 
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preoperative deaths occurred among 1,482 patients receiving medical management. The odds of mortality during pre-noncardiac surgery period was increased when patients had prophylactic coronary revascularization compared with medical management (OR, 8.86; 95% CI, 1.55-50.5). When the OR was calculated excluding the CARP trial, the 95% CI widened significantly, but the odds of pre-noncardiac surgery mortality remained high (OR, 6.37; 0.25-163) among patients with coronary revascularization.
Meta-analyses of perioperative outcomes from the included studies are shown (Figure 2 , A-C). There is non-significant level of heterogeneity for pre-noncardiac surgical mortality, as well as postoperative mortality with and without the CARP trial (Table II ). However, a high level of heterogeneity was observed across the studies for postoperative myocardial infarction including or excluding the CARP trial (P = 0.02 and 0.006, respectively).
Long-term mortality and late adverse cardiac event
The numbers (%) of events for the long-term outcomes are shown for the relevant studies (Table III) . The pooled random effect OR, 95% CI and P-values for heterogeneity measure for all relevant studies, and for the retrospective studies excluding CARP are shown. Overall, pooled data from all relevant studies resulted in similar OR as those from the analyses performed without the CARP trial. Meta-analyses of long-term outcomes ( Figure 3, A and B) demonstrate that the odds of long-term mortality and late adverse cardiac events did not differ between patients who received prophylactic coronary revascularization and medical management.
In addition, the meta-analyses also showed a high level of heterogeneity across the trials regardless of whether the CARP trial was included or excluded (P = 0.01 and 0.003, respectively); while the meta-analysis for late adverse cardiac events outcome showed a borderline significant level of heterogeneity across the three retrospective studies (P = 0.10), suggesting these follow-up results are too dissimilar to be combined meaningfully.
Bias and subgroup analysis
To help detect any potential biases (e.g., publication bias), a funnel plot was constructed from the postsurgical mortality outcome. Figure 4 revealed an asymmetrical plot of the results from all six relevant studies (including the randomized controlled trial) in which the two smaller studies by Takahashi et al. 30 and Garofalo et al. 31 landed more widely at the bottom left of the plot. For postoperative mortality outcome, these two smaller studies with fewer events showed a more favourable OR with coronary revascularization vs medical management than larger trials with more events (Figure 2A) . However, the pooled OR without these two studies did not differ significantly (OR 0.96, 95% CI 0.48-1.91; data not shown).
Another factor contributing to heterogeneity of effect size was the patients' baseline severity of CAD. The CARP trial studied patients with intermediate or minor cardiac risk factors, 44 while in most of the retrospective studies, patients with more significant CAD were allocated to coronary revascularization group and patients with less significant CAD to the medical management group (Table I) . Thus, there is a probable patient selection bias amongst the retrospective studies due to a lack of randomization. The three studies by Eagle et al. 27 and Backe et al. 28, 29 were rated lower in quality because patients were enrolled after variable periods of time after having received coronary revascularization, contributing to heterogeneity of treatment effects. Subgroup analysis showed that the amount of time between coronary revascularization and subsequent high-risk noncardiac surgery may have caused a difference for the longterm mortality outcome, although not statistically significant. Patients who had coronary revascularization after being enrolled into the studies tend to have better long-term survival (OR 0.54, 95% CI 0.15-1.91) than those who had the procedure performed a period of time prior to noncardiac surgery (OR 1.39, 95% CI 0.86-2.25), in comparison with patients who received medical management (Table IV) . FIGURE 3 Comparison of coronar y revascularization vs medical management for: (A) long-term mortality and (B) delayed adverse cardiac events. Each study is shown by name along with point estimate of odds ratios and respective 95% confidence inter vals. In each panel, size of box denoting point estimate in each study is proportional to weight of study.
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Results of the only randomized controlled trial available, the Coronary Artery Revascularization Prophylaxis Trial (CARP trial), 22 demonstrated that there is no reduction in postoperative myocardial infarction, mortality, or long-term mortality among patients randomized to prophylactic coronary revascularization compared with patients allocated to optimized medical management before major vascular surgery. Our quantitative analyses of this CARP trial, as well as six retrospective studies, suggest a similar result: for patients with CAD scheduled for noncardiac surgery, prophylactic coronary revascularization does not reduce the odds of postoperative mortality, myocardial infarction, long-term mortality or late adverse cardiac events when compared with medical therapy. In fact, patients in the coronary revascularization group had increased odds of pre-noncardiac surgery mortality compared to those in the medical management group (OR 8.86, 95% CI 1.55-40.5), NCS = noncardiac surgery; MI = myocardial infarction; CR = coronary revascularization; NA = not applicable. *Statistically significance between-study heterogeneity (P < 0.10 for heterogeneity in studies of this subgroup). †Statistically significance between-study heterogeneity cannot be determined due to limited data from one study. highlighting the additional risk associated with the pre-surgical noncardiac surgery coronary revascularization intervention. These results, however, are based on a small number of perioperative mortality and cardiovascular events reported from the included studies. 22, [27] [28] [29] [30] [31] [32] Patient selection bias limits the strength of our conclusion, as well as its generalizability to patients with unstable or moderately-severe CAD. For example, the OR of pre-noncardiac surgery mortality among patients with coronary revascularization and those with medical management becomes non-significant when meta-analysis is performed excluding data from the CARP trials (OR 6.37, 95% CI 0.25-163.1). This is likely caused by the differences in quality of study design and availability of complete patient data.
Eagle et al. 13 found that prior CABG, compared with medical management, significantly reduce perioperative cardiac events (myocardial infarction and death) after high-risk noncardiac surgery. Results from more recent studies failed to show prophylactic coronary revascularization to have cardiovascular/survival benefit 22, [28] [29] [30] [31] [32] (Table IV) . This may be partly explained by improved perioperative medical therapy towards risk reduction, 21, 45 advances in surgical technology 46 and reduced noncardiac surgical risk. 47 However, one may argue that patients with worse prognosis were more likely to have been allocated to the revascularization group (selection bias); and that this particular subgroup of patients with more severe CAD may benefit from prophylactic coronary revascularization procedure before high-risk noncardiac surgery. Yet, due to the limited sample size and other potential biases, any subgroup statistical significance was not detected. In a recent retrospective study, Landesberg et al. 48 examined records of 502 consecutive patients who underwent vascular surgery; patients with moderate-severe reversible ischemic disease on thallium scanning were referred for coronary angiography and, if appropriate, coronary revascularization before having high-risk vascular surgery. Multivariate analysis showed prophylactic coronary revascularization was associated with significant five-year survival (OR, 0.52; P = 0.018). When our meta-analysis was repeated including data from Landesberg's selective (group III and IV) patients, the pooled OR (95% CI) for postoperative mortality was 0.81 (0.50-1.32), and that for long-term mortality was 0.68 (0.35-1.30). However, the between-study heterogeneity for long-term mortality remained highly significant (P = 0.003).
As suggested in the decision-making guideline by Fleisher et al. 49 for major vascular surgery, recommendation to perform coronary revascularization prior to major vascular repair should involve weighing both the risks associated with coronary revascularization and the risk of the surgical procedure performed without preoperative interventions. The possibility exists for subgroups of patients with severe CAD in whom the risk of the vascular surgery, if performed without preoperative interventions, outweighs the combined risk of coronary revascularization and the surgical procedure. However, with advances in vascular procedural technology, 47, 50, 51 and improvements in perioperative medical management, 15, [19] [20] [21] 52 it is unlikely that prophylactic coronary revascularization will benefit patients undergoing noncardiac surgery except for patients in the highest risk category.
Lastly, from a health-economic standpoint, the cost-effectiveness of recommending prophylactic revascularization must also be considered when alternative medical management is as effective. The cost of performing both coronary intervention and then major vascular surgery, as suggested by Mason et al., 53 was over $40,000 in the 1990s; a figure significantly higher than the alternative strategy of proceeding to vascular surgery with close monitoring of cardiac status ($24,300). Thus, medical therapy as a risk reduction strategy in patients with stable CAD is probably as effective as, and more cost-effective than, prophylactic coronary revascularization.
A recent review by Kertai et al. 44 qualitatively summarized the role of preoperative revascularization before elective vascular surgery using current evidence from the CARP trial and relevant studies, and their findings were similar to ours in that the perioperative management of patients undergoing high-risk vascular surgery should involve weighing the risk benefit of extensive preoperative evaluation and risk management. The main differences between our systematic reviews relate to our more selective inclusion criteria and the methods adapted from Meta-analysis of Observational Studies in Epidemiology (MOOSE guideline) 54 to quantitatively determine if prophylactic coronary revascularization is beneficial in patients undergoing noncardiac surgery.
This study has several limitations. The strength of the conclusion is limited by the quality of reported studies. The systematic review comprised one randomized controlled trial and six retrospective studies. Although we are able to perform a quantitative analysis, the test for heterogeneity suggests significant differences in clinical population or methodological design amongst the studies. Secondly, six of seven studies enrolled vascular patients for elective high cardiac risk vascular surgeries, limiting the validity to extrapolate the result to other noncardiac surgeries. Outcomes for patients scheduled for urgent surgery of low to moderate cardiac risk are not considered in this review. Thirdly, among studies included in the meta-analyses, none randomly compared prophylactic CABG vs percutaneous coronary intervention in their effects on the primary outcomes of interest. Therefore, we could not comment on their relative efficacy.
According to the 2002 ACC/AHA guidelines for perioperative cardiovascular evaluation for noncardiac surgery, 13 it is recommended that patients with intermediate risk undergoing high-risk surgery or with poor functional capacity, should undergo noninvasive testing and possibly prophylactic preoperative coronary revascularization. The rationale behind this recommendation is that prophylactic coronary revascularization may reduce perioperative mortality and morbidity. Our findings suggest that prophylactic coronary revascularization does not offer survival or cardiac protective benefit over medical management to patients, 60-70 yr of age, with stable CAD before high-risk noncardiac/vascular surgery (Grade D recommendation, Appendix D). A paradigm shifting towards preoperative medical therapy including betablockers, statin and aspirin therapy may be more costbeneficial compared to prophylactic revascularization. The 2006 ACC/AHA guideline 15 update focusing on perioperative beta-blocker may reflect a shift in perioperative strategy in favour of perioperative medical management over prophylactic coronary revascularization. Our systematic review, comprising one randomized controlled trial and six retrospective studies, has a limited ability to extrapolate to our current patient population. It also highlights the urgent need for adequately powered randomized controlled trials to provide the answer to the question: Does prophylactic coronary revascularization improve patient outcome compared to medical management in patients undergoing noncardiac surgery? If so, which patient subset(s) will derive significant benefit in outcome? 24 The CASP appraisal tools are provided and produced by the Critical Appraisal Skills Program (CASP), part of the Public Health Resource Unit (PHRU) based in Oxford, England. http://www.phru.nhs.uk/casp/ critical_appraisal_tools.htm One mark is given to each question. Total score for CASP critical appraisal -cohort study is 12. Total score for CASP critical appraisal -randomized control trial is 10.
Copy of the two CASP appraisal tools employed is available as Additional Material at www.cja-jca.org. 
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